Pristionchus pacificus have identified cell interactions that do not appear to occur in Caenorhabditis elegans. The new results underscore the diversity of patterning mechanisms that can produce structures with similar cellular morphology. In animal development, all things are relative. A perfectly formed organ is useless unless it coordinates its development in the context of the rest of the animal. Cell-cell interactions play an important role in animal development, as they allow cells and structures to develop in the proper position relative to each other. In nematodes, development of the vulva -the worm's egg-laying structure -provides a system in which cell interactions can be investigated with single-cell resolution. In the model species Caenorhabditis elegans, experiments in which specific cells are killed with a laser microbeam have shown that the vulva precursor cells -the Pn.p cells -in the ventral epidermis respond to interactions among themselves and a signal from the anchor cell in the overlying gonad (reviewed in [1]).
Recent experiments with the nematode Pristionchus pacificus have revealed two additional cell interactions that may act during vulval development in this species: a novel signal from one Pn.p cell to the others, and one from a mesoblast called M [2] . These results illustrate that the relative role of different signalling systems can change during evolution. In this dispatch, I shall discuss evolutionary variation in cell interactions in the context of several constraints and variations of nematode vulva development.
Nematode vulva development
Free-living terrestrial nematodes develop a similar set of reproductive structures, including a vulva, during the postembryonic larval stages. Studies on a range of species ( Figure 1 ) have shown that certain aspects of vulva development are conserved, whereas others are open to considerable variation between species. Two conserved features are the particular cells that divide to form the vulva and the basic vulva morphology. Variation is achieved by alterations in cell migration patterns, the timing of events, cell division, programmed cell death, and cell interactions (Figure 2 ). These variations can appear in multiple families, suggesting that they can result from a limited number of regulatory alterations [3] [4] [5] .
Nematodes have a set of twelve ventral epidermal cells -the Pn.p cells, P1.p to P12.p from anterior to posteriorand the vulva forms from the progeny of a subset of these cells. Although the position of the vulva can vary along the anterior-posterior body axis, in all nematodes that have been studied it invariably develops from the progeny of Pn.p cells initially born in the midbody region of the animal. Positional variation is accomplished by the migration of the midbody Pn.p cells rather than a change in the Pn.p cells that divide to produce vulva structures [3, 6] ( Figure 2a ).
Another conserved feature is that the vulva coordinates its development with a specialized gonadal cell called the anchor cell. The vulva cells usually develop with mirror symmetry around the anchor cell (but see [3] ). The central vulva-producing Pn.p cell (or cells) produces progeny with a significant role in attaching the vulva to the anchor cell (and gonad). The progeny of the more distal two Pn.p cells form the walls and opening of the vulva (Figure 2c) . Because of the developmental hierarchy inferred from the results of killing different Pn.p cells, the central cell, or Phylogenetic relationship among the nematode species mentioned in the text (after [8] ). The two species discussed in most detail, C. elegans and P. pacificus, are highlighted in red.
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cells, is designated the 1° cell type, whereas the more distal cells are designated the 2° cell type. Within this constraint on cell-type patterning, the number of progeny produced by each dividing Pn.p cell, and how many comprise the vulva, is subject to variation among species.
Experimental manipulations have allowed researchers to characterize variation in both the developmental competence of cells and their response to different signals. Although the vulva normally forms from a subset of Pn.p cells, the cell kill experiments have identified a 'vulval competence group' -a group of Pn.p cells that are capable of dividing to produce vulva tissue. In C. elegans, P3.p-P8.p form the vulval competence group, such that if the P5.p-P7.p cells are killed, the more distal Pn.p cells can migrate medially and divide to produce vulva tissue. The cells included in the vulval competence group vary among species; for example, in Panagrellus redivivus, P3.p-P10.p have the potential to form vulva tissue [3] , whereas in P. pacificus, only P5.p-P8.p have this capacity [4] .
Cell interactions during vulva development
The gonad and anchor cell
The anchor cell connects the vulva to the gonad, but its role in vulva development can vary among species. In C. elegans, the anchor cell is the source of an EGF-like signal which acts at a single time and is both necessary and sufficient for the vulva precursor cells to divide and form R632 Current Biology Vol 10 No 17
Figure 2
Comparison of vulva development in different nematode species suggests that variation is achieved in a number of different ways. The vulva is formed from the progeny of specific ventral epidermal cells -P5.p-P7.p in the figure -and connects to the gonad (G) at the anchor cell (red oval). (a) Cell migration. The gonad and vulva precursor cells are born in the midbody region, and the vulva forms in this region in many nematodes, including C. elegans. In species that form a posterior vulva, such as Cruznema tripartitum, the Pn.p cells and anchor cell migrate to the posterior end of the worm [6] . (b) Timing of events. In C. elegans, the vulva precursor cells receive a signal from the anchor cell during the late L2/early L3 larval stages. In contrast, as the C. tripartitum migrating anchor cell does not reach the posterior vulva precursor cells until the late L3 larval stage, signalling and vulva development are delayed in this species [6] . (c) Cell division. The number of cells -technically, cell nuclei -that are part of the vulva varies greatly among nematodes. The example compares C. elegans with 22 nuclei to Oscheius sp. with 16 [5] . As many of the cells fail to undergo cytokinesis and/or subsequently fuse during vulva morphogenesis, the actual number of cells may exhibit less variation than the number of nuclei. There is also variation in that the vulva cells can derive from P5.p-P7.p (as shown), P5.p-P8.p, or P6.p-P7.p [3, 4] . (d) Cell death. The non-vulva-producing Pn.p cells undergo programmed cell death in some species. The example compares C. elegans with no Pn.p cell death to P. pacificus, in which P1.p-P4.p and P9.p-P11.p die during embryogenesis [4] . (e) Cell interactions. Cell kill experiments in C. elegans demonstrate cell interactions between the anchor cell in the gonad and the Pn.p cells, and also interactions among the Pn.p cells [1] . Experiments in P. pacificus identify an inhibitory role for P8.p and the M mesoblast [2] . vulva tissue [7] . In other species, a signal from gonadal cells in addition to the anchor cell plays a critical role [3, 5, 8] . In some cases the signal(s) from the gonad or anchor cell can be experimentally resolved into two temporally distinct signals: one promotes the Pn.p cells to develop as a vulva, and a later one is required for the proper development of the most proximal vulva cells [3, 5] . Another variation is found in P. pacificus, where a signal from the gonad (including the anchor cell) is required across a large window of developmental time [8] . Finally, although all species have a gonad and an anchor cell, some species can develop vulva tissue when these cells are killed [3, 6] . This suggests vulva development in these species no longer relies on a signal from the anchor cell or gonad.
Lateral signals among Pn.p cells
Lateral interactions among the Pn.p cells are important to promote the well-conserved, symmetrical pattern of vulva cell types (2°-1°-2°). One important lateral interaction promotes the 2° cell type in vulva precursor cells. This signal can be interpreted as positive -promoting a Pn.p cell to adopt the 2° cell type -as well as negative -preventing adjacent Pn.p cells from adopting the 1°t ype. In C. elegans, this interaction is mediated by the Notch-related protein LIN-12 [9] . Recent results on P. pacificus illustrate a variation on the theme of lateral signalling [2] . In this species, only P5.p-P8.p are potential vulva precursor cells; the remaining Pn.p cells are subject to programmed cell death during late embryonic development (Figure 2d ). But P8.p is not equivalent to P5.p-P7.p; cell kill experiments suggest that P8.p can respond to lateral signalling but not to gonadal signalling, and that it acts to inhibit two aspects of vulva development [2] . This provides the first robust evidence for cell interactions from non-vulva-forming Pn.p cells to the cells normally poised to form vulva tissue. Work in the future should be able to distinguish whether the two roles of P8.p in vulva development represent discrete activities or different manifestations of the same function.
The M cell
The larval mesoblast M is the precursor to the sex muscles, but it has not been shown to affect vulva development in C. elegans. In contrast, cell kill experiments in P. pacificus suggest that the the M cell or its progeny inhibits vulva development in this species. 
Cell interactions and the evolution of development
In theory, a single, dose-dependent signal could be sufficient to pattern vulva development at the anchor cell. Cell kill experiments and genetic analyses, however, have shown that multiple cell interactions participate in vulva development. An anchor cell or gonadal signal positions the vulva with respect to the gonad, but lateral signals among Pn.p cells ensure the proper patterning of vulva cell types. The P8.p and M cell effects described in P. pacificus [2] likewise act in parallel to the gonadal and lateral signals. Multiplicity in developmental signals may be the rule rather than the exception, as it allows for high fidelity in the coordination of developmental events. The comparative analyses discussed here suggest multiple signals also allow for evolutionary change in the reliance on specific developmental patterning mechanisms. Pn.p cells in different species differ in their requirement for a signal from the anchor cell, from the gonad, from each other, and from the M cell. Although these shifts can occur without significant alteration in morphology, they provide species with functional diversity that might serve as the basis for evolutionary changes in morphology.
